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3INTRODUCTION
Fibropapillomatosis (FP) is a growing threat to the survival of green turtle,
Chelonia mydas, populations worldwide and has been shown to be affecting
loggerhead, Caretta caretta, and olive ridley, Lepidochelys olivacea, populations as
well. Transmission studies in captivity carried out by this laboratory have demonstrated
that FP in green turtles is caused by an infectious subcellular agent. (Herbst, et al,
1995), (Herbst et ai, 1996a). We have demonstrated a new Chelonid herpesvirus in
experimentally induced and spontaneous fibropapillomas of green turtles using electron-
microscopic, molecular, and serological techniques (Jacobson et ai, 1991), (Herbst, et
ai, 1995), (Herbst, et ai, 1996b), (Lackovich, et al 1998a), (Herbst, et ai, 1998), (Garber,
et al 1998). Recent studies by others have confirmed our early characterization of this
virus as a member of the Alphaherpesvirinae subfamily (Quackenbush, et al, 1998,
Herbst, et al, 1996b, Garber, et ai, 1998).
Although this herpesvirus is considered a candidate for the etiology of FP, it has
not yet been cultivated in vitro. Fulfillment of Koch's postulates through a controlled
transmission study using cultured herpesvirus would test its role as the etiologic agent
of FP. These studies were initiated to provide previously unavailable information about
the prevalence of this virus in tumors and skin of green and loggerhead turtles in Florida
and to attempt to cultivate it in vitro.
MATERIALS AND METHODS
Tissue Collection.
Tissue samples were acquired from green and loggerhead sea turtles, which had
stranded along the Florida coast, after the turtles had been transferred to the Turtle
Hospital, Marathon, FL, Mote Marine Laboratory, Sarasota, FL, or the University of
Florida Wildlife and Zoological Medicine Service. The 19 green and 4 loggerhead
stranded sea turtles studied came from many different locations along the Florida
coastline and varied in straight length (Table 1). Two green (ST#11, Corgey) and 2
loggerheads (ST#13, ST#17) were not afflicted with FP. The other 19 turtles all varied in
the disease severity based upon a wide range in tumor number, size, and the location
on the turtles. A total of 93 individual fibropapillomas and four fibromas were surgically
removed.
Sterile scalpels, forceps, and new gloves were used to collect each sample,
which was placed in a separate sterile sampling bag on ice immediately upon removal.
All samples were then frozen and stored at -80°C. In areas near tumors on the dorsal-
proximal surface of the left and right rear flippers on two sea turtles, normal skin was
collected at 1 ern, 2 ern, 3 ern, and 4 cm away from selected fibropapillomas.
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Individual fibropapillomas, visceral lung fibromas, and normal skin tissue
samples, which phenotypically showed no evidence of disease, were collected during
surgeries and necropsies. Samples were collected from male and female turtles.
Fibropapillomas were collected from 19 affected turtles, and normal skin samples were
obtained from 20 of the sea turtles used in the study. Individual fibropapillomas were
collected from the conjunctivae, axillary, dorsal and ventral body surfaces for testing.
These varied in gross appearance and ranged in diameter from 0.5 cm (0.1g) to 30 cm
(1410g).
Four fibromas were collected from the ventral surface of the lungs and the
mucosal surface of the esophagus of one green turtle. The visceral lung fibromas
ranged in diameter from 1 cm (1.1g) to 3 cm (2.9g). The larger tracheal fibroma was 1
cm in diameter while the smaller nodule measured 0.4 x 0.2 cm.
Thirty-three normal skin samples were taken from turtles with FP, and 18 normal
skin samples were taken from turtles without FP. Eleven scar tissue samples were
collected from sites where fibropapillomas had been removed from 5 green turtles on
the ventral and dorsal surfaces of the left and right flippers and the neck. Scar tissue
sampling ranged from 14 to 359 days post surgery and scar tissue was removed from
areas on the front and rear flippers, and on the dorsal and ventral sides of the neck.
Histopathology.
Individual fibropapillomas, visceral fibromas, scar tissue, and normal skin
biopsies, near tumors and in tumor-free regions, were fixed in neutral buffered 10%
formalin, embedded in paraffin, sectioned at 5 um and stained with hematoxylin and
eosin. Selected samples were also stained with Giemsa and Grocott stains. Using light
microscopy, stained sections of tissue samples were examined and histopathological
findings used to confirm the presence of fibropapilloma, fibroma, or normal skin.
DNA Isolation.
Fibropapilloma, fibroma, and normal skin tissue samples were minced
individually at room temperature under a Baker Bioguard biosafety hood by using sterile
scalpels and forceps, and gloves. Approximately 0.5 g of the minced samples was
collected in a sterile 1.5 mL tube. Samples were digested with 50 mg of trypsin and 500
ul of digest buffer (0.01 M Tris-HCI, 0.4 M NaCI, 0.6% SOS, 0.05 M EOTA ph 8.0) in a
37°C water bath until dissolved. Once digested, DNA was sequentially extracted twice
with an equal volume of tris-saturated phenol pH 7.5, twice with an equal volume of
phenol (25) : chloroform (24) : isoamyl alcohol (1), and twice with an equal volume
chloroform (24) : isoamyl alcohol (1). The DNA was precipitated with 2 x volume of
100% ethanol and 0.1 x volume of 3 M NaAc overnight at -20 ° C, centrifuged at 11,000
x g at 4 °C, the pellet rinsed with 70% ethanol, and allowed to air dry. The DNA was
resuspended in 200 ul of autoclaved water. The total nucleic acid concentration was
determined for each sample by measuring the A260nm using a Beckman DU 640
spectrophotometer.
5Detection of Herpesvirus by Consensus Primer PCR.
Nested consensus primer PCR (VanDevanter et al. 1996, Herbst et ai, 1996b)
was used for amplification of an internal region of the herpesvirus DNA polymerase
gene to detect herpesvirus in individual fibropapillomas, fibromas, and normal skin
samples. The sensitivity of the PCR was determined by serial dilution of pure Varicella
Zoster Virus (VZV) template. Under these conditions the assay had a limit of detection
of about 1.1 VZV genomic equivalents per 100 ng of DNA.
Purification, cloning, and sequencing.
To determine the similarity of the FP-associated herpesvirus from both green and
loggerhead turtle species, the amplified interior region of the herpesvirus DNA
polymerase gene was sequenced. Consensus primer PCR amplification products from
6 loggerhead and 2 green samples were purified on QIAQUICK spin columns. The
purified DNAs were ligated with plasmid vector pCR 2.1. One hundred ul of each
transformation culture was plated on LB plates with ampicillin and X-gaIIlPTG, and the
plates were incubated overnight at 37°C. One white colony (containing the PCR insert)
from each sample was transferred to a flask containing 3 mL of LB-ampicillin broth and
incubated on a shaker at 37°C overnight. The Promega DNA Purification System
(#A1330) was used to isolate plasmid DNA using 1.5 ml of culture (Promega corp.,
Madison WI). Samples were submitted to the University of Florida DNA Sequencing
Core Laboratory for sequencing of both strands using M13 Reverse Primer and M13
Forward Primer.
Cultivation of the FP-associated herpesvirus
Unfiltered homogenates and cell-free filtrates (.45u filter) were prepared from
PCR positive fibropapillomas as previously described (Herbst, et al, 1995). FP
homogenates and filtrates previously shown capable of induCing FP by injection into
green turtles were also tested. In some experiments, cells freshly isolated from tumors
or within their first passage in vitro were co-cultured with target cells. Target cells which
were tested for their ability to support the replication of FP-associated herpesvirus
included a newly established whole 14 day green turtle embryo line, a 33 day whole
loggerhead embryo line, a green turtle embryo kidney line (Moore, et al 1998), a whole
10 day tortoise embryo, Gopherus polyphemus, line, and the TH-1 cell line. Two
positive control Chelonian herpesviruses capable of replication in all target cell lines
were used in all experiments. One of these, LET, was isolated from a green turtle
(Jacobson, et al, 1986), while the other, HV4295, was isolated from a mediterranean
tortoise (Marschang, R, personal communication). The culture medium used was
DME/F12 supplemented with 5% fetal bovine serum and antibiotics. All infection
experiments were carried out in standard tissue culture plastic flasks with filter caps in a
5%C02 atmosphere at either 20C, 24C, 28, or 32C.
Homogenates and filtrates at various dilutions (1 :5-1 :20) were added to cultures
which were 85-100% confluent. After incubation of inocula with target cells for 1-2
hours, fresh medium was added to flasks and the incubation continued for up to 21days.
6FP tumor cells were allowed to contact target cell monolayers by settling and were not
further disturbed by medium additions. Cultures inoculated with homogenates, filtrates,
or tumor cells were observed for CPE which was evident in the LET and HV4295
infected control cultures between 3 and 6 days after inoculation. In many instances,
infected cultures not showing CPE were "blind passaged" 2-5 more times on fresh cells.
PCR testing was carried out on cultures at various passage levels. Electron microscopy
was carried out on selected cultures.
RESULTS
Herpesvirus prevalence in fibropapillomas, fibromas, and skin
Ninety six per cent (89/93) of the fibropapillomas from 19 sea turtles with FP
were positive for herpesvirus (Table 2). The four fibromas removed from the lungs and
trachea of turtle SSL-406 tested positive for herpesvirus. One of 11 scar tissue
samples tested positive (288 days after surgical removal of a fibropapilloma from turtle
SSL-406) (Table 3).
Eighteen normal skin samples from 4 turtles not afflicted with FP, collected from
the dorsal and ventral regions of the front and back flippers tested negative. When
normal skin from turtles with FP was analyzed, 9% (3/33) of the skin samples within 2 .
cm of individual fibropapillomas tested positive for herpesvirus. Four normal skin
samples were collected from 2 turtles (SSL-406; Skinny) at distances 1cm, 2 em, 3 ern,
and 4 cm from fibropapillomas. At a distance of 1-2 cm from the fibropapillomas on all
three turtles, both green and loggerhead, the normal skin tested positive, showing that
herpesvirus may be detected near these fibroepithelial tumors. Normal skin from non-
tumored areas on each FP positive turtle (distances greater than 10 cm from the
nearest fibropapilloma) tested negative for the virus.
Similarity of the FP-associated herpesvirus in tumors of green and loggerhead
turtles from Florida
The interior region of the herpesvirus DNA polymerase was sequenced from 6
loggerhead and 2 green turtle samples to determine the similarity of the FP-associated
chelonid herpesvirus from both turtle species. The green turtle viral sequences were
identical. An amino acid change from valine to threonine was detected between the
green and loggerhead partial DNA polymerase sequences.
Submission of loggerhead sequences to GenBank revealed 7 significant alignments and
was most similar to the olive ridley turtle herpesvirus DNA polymerase gene (97%),
hawaiian green turtle herpesvirus DNA polymerase gene (95%), and the Florida green
turtle herpesvirus DNA polymerase gene (95%).
Cultivation of FP-associated herpesviruses in vitro
7Attempts were made to isolate herpesviruses by in vitro cultivation from more
than 25 PCR-positive fibropapillomas and fibromas of Florida green and loggerhead
turtles. A partial list is provided (Table 4) to show the general format for this extensive
effort. As described in Materials and Methods, these experiments utilized Chelonian
target cell lines known to support the replication of Chelonian herpesviruses. Positive
Chelonian herpesviruses were included in each experiment. PCR positive
homogenates and filtrates were each tested multiple times on different target cells at
several different temperatures. Negative cultures (passaged cells) were passaged
several times in succession in order to allow low levels of herpesvirus to adapt to
culture, replicate and reveal themselves.
More than 300 attempts to isolate and cultivate herpesvirus from
tumor samples were carried out under the conditions described. None were successful.
Typical CPE caused by herpesvirus was never seen in any cultures. Electron
microscopy failed to reveal virus in more that two dozen cultures examined.
In a few instances, a PCR signal was evident in the culture following primary infection
but disappeared within one passage thereafter.
DISCUSSION
This study has demonstrated the high prevalence of a new chelonid herpesvirus
in fibropapillomas of both green and loggerhead turtles in Florida and has provided
evidence that the same virus infects both turtle species. A similar virus has been
identified in fibropapillomas of green turtles in Hawaii and of olive ridley turtles (Herbst,
et. al.), (Quackenbush, et. AI., 1998). Herpesvirus could not be detected in normal skin
samples from unaffected turtles or in skin samples more than 10cm distance from the
edge of growing fibropapillomas in FP-affected turtles. However, the virus could be
detected in apparently normal skin within 2cm of such tumors in FP-affected turtles.
This finding argues for the use of a wide surgical margin during surgical removal of
tumors. The virus could also be detected in one scar tissue sample. This latter finding
is being studied to determine the relationship between virus persistence and local tumor
recurrence following surgery.
A strong association has been demonstrated between the antibody response to
the FP-associated herpesvirus in turtles and the development of clinical GTFP (Herbst
et ai, 1998). However, the role of this herpesvirus in FP etiology awaits its cultivation
and use in transmission studies to fulfill Koch's postulates. As revealed in this study
and by the recent extensive efforts of others at the National Wildlife Health Laboratory,
Madison, WI (D. Doucherty, personal communication, 1998) all attempts to cultivate this
virus have been unsuccessful thus far. Additional efforts are ongoing in different cell
culture systems and may yet prove successful.
-- ------------~----------------------------
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Table 1. Stranded sea turtles tested for herpesvirus.
IDENTITY
W94-19
SSL-406
SSL-438
SSL-408
SSL-414
SSL-471
97-11
SSL-398
ST#l1
ST#13
97-44
SSL-442
SSL-445
SSI-446
SSL-448
Skinny
Corgey
SSL-468
SSL-473
3376
NLP971230
SSL-486
ST#17
SPECIES
Loggerhead
Green
Green
Green
Green
Green
Loggerhead
Green
Green
Loggerhead
Green
Green
Green
Green
Green
Green
Green
Green
Green
Green
Green
Green
Loggerhead
STRANDING
DATE
7-22-93
9-29-96
10-12-96
10-17-96
11-15-96
11-30-96
3-23-97
4-12-97
6-15-97
6-22-97
8-8-97
8-14-97
8-15-97
8-16-97
9-1-97
9-12-97
9-14-97
10-5-97
10-29-97
11-26-97
12-30-97
03-15-98
04-09-98
STRANDING LOCATION IN FLORIDA
(CountylHabitat)
Monroe Co.lFlorida Bay
Monroe Co.lFlorida Bay
Martin Co.lIndian River Lagoon
Palm Beach Co.!Atlantic Coast
Monroe Co.lFlorida Bay
St. Lucie Co.!Atlantic Coast
Monroe Co.lFlorida Bay
Brevard Co./Indian River Lagoon
Monroe Co./Atlantic Coast
Volusia Co./Atlantic Coast
Brevard Co.!Indian River Lagoon
Monroe Co.!Atlantic Coast
Dade Co.lAtlantic Coast
Indian River Co.lIndian River Lagoon
Monroe Co.lFlorida Bay
Monroe Co.lFlorida Bay
St. Lucie Co.!Atlantic Coast
Monroe Co.lFlorida Bay
St. Lucie Co./Atlantic Coast
Monroe Co.lFlorida Bay
Sarasota Co./Gulf coast
St.Lucie Co.!Atlantic Coast
Dade Co./Atlantic Coast
STRAIGHT
LENGTH (em)
72.9
49.2
40.3
40.0
44.0
44.1
69.9
49.8
40.0
55.4
44.2
55.8
43.8
33.2
38.1
38.3
66.7
43.3
40.3
41.8
36.4
50.2
81.9
Table 2. Frequency of association of herpesvirus with individual fibropapillomas, fibromas,and normal skin samples
of green and loggerhead sea turtles as tested by peR.
TURTLEID FIBROPAPILLOMAS FIBROMAS NORMAL SKIN
(# pos / total) (# pos / total) (# pos / total)
W94-19 (111) NT
SSL-406 (515) (4/4) (115)
SSL-438 (13/15) (0/4)
SSL-408 (5/5) (011)
SSL-414 (4/4) (0/1)
SSL-471 (1/1) (0/1)
97-11 (10/10) (1/1)
SSL-398 (4/4) (011)
ST#ll No Tumor (0/2)
ST#13 No Tumor (0/7)
97-44 (111) (0/2)
SSL-442 (717) (0/2)
SSL-445 (4/4) (011)
SSL-446 (5/5) (0/2)
SSL-448 (717) (0/1)
Skinny (3/5) (1/5)
Corgey No Tumor (0/4)
SSL-468 (5/5) (0/2)
SSL-473 (717) (0/3)
3376 (3/3) NT
NLP971230 (2/2) (011)
SSL-486 (2/2) NT
ST#17 No Tumor (0/5)
TOTAL POSITIVE 89/93 4/4 3/51
% POSITIVE 96% 100% 6
Table 3. Detection of chelonid herpesvirus in scar tissue from sea turtle fibropapilloma surgical removal sites by peR.
IDENTITY FIBROPAPILLOMA REMOVAL DATE/
LOCATION SAMPLING DATE (days)
TIME PCRRESULT
SSL-406
SSL-471
SSL-398
SSL-442
SSL-446
Front Flipper 10-24-96 / 8-8-97 288 +
Rear Flipper 3-15-97/8-8-97 145
Rear Flipper 12-19-96/12-13-97 359
Rear Flipper 12-19-96/12-13-97 359
Rear Flipper 6-5-97 / 12-13-97 190
Front Flipper 7-31-97/12-13-97 135
Neck (top) 10-16-97/10-30-97 14
Front Flipper 10-16-97/10-30-97 14
Front Flipper 10-16-97/10-30-97 14
Neck (top) 10-30-97/12-13-97 14
Neck (bottom) 10-30-97/12-13-97 14
+ : herpesvirus detected in scar tissue; - : no herpesvirus detected in scar tissue.
dbFP...f experiments attempnng to cu
Turtle Sample Cell Lines Passage Inoculation Temperature CPE PCR
Identity (status) (reps) °C
SSL398 Filtrate (-85) GTE 14» (1) Primary 1:10 28 none n/d
SSL 398 Passa2ed cells GTEI4» (2) PI 1:15 20 none ne2
SSL 398 Passal!:ed cells GTEI4» (2) PI 1:15 28 none nel!:
SSL 398 Passa2ed cells GTEI4» (2) PI 1:15 32 none nld
SSL 398 Filtrate (-85) TH-l (1) Primary 1:10 28 none nel!:
SSL 398 Passa2ed cells TH-l (2) PI 1:10 28 none ne!
SSL 398 Filtrate (-85) TH-l (1) Primary 1:10 28 none pos
SSL 442 Filtrate (fresh) GTE 14» (1) Primary 1:10 28 none ne!
SSL 442 Passal!:edcells GTE 14» (2) PI 1:10 28 none nld
SSL 442 Filtrate (fresh) GTE 14» (2) Primary 1:10 28 none n/d
SSL 442 Filtrate (fresh) TH-l (2) Primary 1:10 28 none ne!
SSL 442 Passa!ed cells TH-l (1) PI 1:10 28 none n/d
SSL 446 Filtrate (fresh) GTEI4» (1) Primary 1:10 28 none ne2
SSL 446 Passa!ed cells GTEI4» (1) PI 1:10 28 none n/d
SSL446 Passa2ed cells GTEI4» (1) PI 1:10 20 none nel!:
SSL 446 Filtrate (fresh) GTE 14» (1) Primary 1:10 28 none nee:
SSL 446 Passal!ed cells GTE 14» (1) PI 1:10 20 none n/d
SSL 446 Passae:ed cells GTE 14» (1) PI 1:10 32 none n/d
SSL 446 Filtrate (fresh) GTE 14» (1) Primary 1:20 28 none n/d
SSL 446 Filtrate (fresh) GTE 14» (l) Primary 1:20 28 none nld
SSL 446 Passal!ed cells GTE 14» (2) PI 1:20 20 none nel!:
SSL 446 Passal!:edcells GTE 14» (2) PI 1:20 28 none nel!
SSL 446 Passal!ed cells GTE 14» (2) PI 1:20 32 none nel!:
SSL 446 Filtrate (fresh) TH-l (1) Primary 1:20 28 none nld
SSL 446 Filtrate (fresh) TH-l (l) Primary 1:20 28 none nld
Mate Filtrate (-85) TH-l (2) Primary 1:10 28 none n/d
Mate Filtrate (-85) TH-l (2) Primary 1:20 28 none nez
Mate Passaged cells TH-l (2) PI 1:15 20 none nld
Mate Passaged cells TH-l (2) PI 1:15 28 none nld
Mate Passaged cells TH-l (2) PI 1:15 32 none nld
Mate Passaged cells TH-l (1) P2 1:30 20 none nld
Mate Passazed cells TH-l (1) P2 1:30 28 none nld
Table 4. Partial r
